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Acrylic Pigment Dispersants Made By Group Transfer polymerization 
Background of the Invention 

British Patent 1.108.261 (1963) and counterpart US Patent 3 433 753 (iqfiq> too^h ..ov, , ^ , 

r.™h™*!!'n"i o'^- (November 22. 1983) and 4.S08.SS0 (Aonl 2 19851 ana w B 

Famham ana D. Y. Soaatl. U.S. Patems 4.414.372 (November 8 1983) and 4 5^^196 Uune laiSsIl 

J''"*" '".»» inaepenaenl scientilfc llleralure including F. Banoennann M H sSamo M th^ 

M:»S^Ma?o::ol- ""t;"r:T'''°"''"'''*^'""l -GrouTTrra,! ICeTSa 1' o 

meinyi Metnacryiate Makromol. Chem,. Rapid Commun. 6.335-339 (1985) Oxvanion catalvsts for arp 

Summary of the Invention 

50 aromatic carboxylic acids. 

ammonia and primary, secondary and tertiary aliphatic amines 
primary aromatic amines, 



10 



15 



20 



25 



30 



35 



55 



60 



ketones which are subsequently hydrolyzed 
orthophosphoric acid, 
phosphorus pentoxide, and 
anhydrous hydrohalogen acids 



"^^rTfL'StJ^M ^^P^'y^^^ g^°^P transfer polymerization techniques. 

A ri?m?ntt / copolymer is a block copolymer of MMA and GMA. and the polar group reacted with the 

acetone. In blends of solvents, of course .t is the average polar solubility^oefficieni thaiis i^po^^^^^^ 
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Oetaited Description 

GTP techniques can be used to produce an acrylic block copolymer of low molecular weight, generally 
between 1500 and 20.000 Mn. with regularty-spaced epoxy groups, permitting the facile introduction of a 
variety of polar groups with a broad range of Lewis acid-base characteristics. The invention also permits the 5 
production of more precisely controlled low molecular weight A-B dispersants with less residual unreacted 
intermediates. Also, this can be done without cryogenic techniques used in anionic potymerization. 
Stabilization by short chain block copolymers can be superior to stabilization by loops and tails of long chain 
random copolymers, partly because of greater ease of design control in planning and preparing the dispersant. 

Idealized A-B dispersants are block copolymers consisting of a relatively highly polar anchoring A-segment W 
and a relatively non-polar stabilizing B-segment. The A-segment is designed to adsorb on the surface of a 
pigment by acid-base interaction; the B-segment provides a stehc stabilization of the pigment particle against 
flocculation. The A-segment must be: 1) available for interaction with the pigment surface; 2) of sufficient size 
to provide irreversible adsorption; and 3) not so large as to completely cover the pigment surface or cause 
collapse of the B-segment. The B-segment must be: 1) of sufficient sized to provkle stertc stabilization 15 
(approximately Mn = 1 .500 or larger) ; and 2) compatible (soluble) with the dispersion media (solvent) and 
matrix polymer (controlled by B-segment compositkjn). This discussion applies to dispersions in non-polar 
liquid media such as organic solvents. For dispersion in polar media such as water, the purpose and rote of the 
A and B segments reverses, with the non-polar B-segment attaching to a suitable pigment and the polar 
A-segment acting as the stabilizer in water. 20 

Solvation of both A and B-segments of a GTP dispersant is often important to effective pigment stabilization. 
In general, highly aggregated systems require polar solvents to break up or loosen aggregates and allow 
adsorption of A-segments to pigment surfaces. However, in some cases polar solvents may not be good 
solvents for extension of the B-segment. Fully extended B-segments are required for optimum stertc 
stabilization. Non-polar solvents (e.g., xylene and toluene) provide B-segment extension but are unable to 25 
effectively solvate the A-segment. Consequently, poor dispersions are obtained in these solvents due to the 
lack of A-segment adsorption. Polar solvents (e.g., acetone) are good A-segment solvents but may not be 
effective for the extension of certain B-segments. As a result, poor dispersions may be obtained because of 
the collapse of the stabilizing B-segment or because of too high solubility of the B segment. For the dispersant 
structures which we have investigated, moderately polar solvents (e.g., MIBK) provide the best dispersions 30 
because they solvate both A and B segments. This allows for adsorption (A-segment) on the pigment surface 
and extension of the B-segment (steric stabilization). 

Unreacted epoxy groups in the dispersant molecule may have negative effects on dispersant performance. 
Acceptable dispersants of nominal epoxy Dp-4 have a minimum of three epoxy groups esterified leaving only 
one epoxy group unreacted. A highspot esterification experiment where about half of the epoxy groups of a 35 
nominal Dp-7 block copolymer were esterffied (with good conversion of the acid) behaved poorly as a 
dispersant. Apparently, the residual epoxy groups (about 3 per chain) caused the pigment dispersion to 
flocculate. This dispersant was prepared using preferred esterification conditions at a nitro-functionality of Dp 
(3.8) which would have ordinarily given a good dispersant. We have previously observed that totally 
unfunctionalized epoxy block copolymers act as pigment flocculating agents. 40 

as used herein, Dp means degree of polymerization, indicating the number of monomer units in the segment, 
e.g., epoxy groups with acrylic epoxy block copolymer backbone and MMA groups in the B-segment. 

The level of amine catalyst in the nitrofunctionalization of epoxy block prepolymers is an important variable in 
processes of the invention. The preferred procedure involves: 

• the preparation of epoxy block prepolymer in polar solvents (glyme) with low levels of GTP catalyst 45 
(tetrabutylammonium chlorobenzoate -1/2<Vo on initiator). 

• addition of toluene/MIBK solvents and p-nitrobenzoic acid (no external amine catalyst is added) 

# the mixture is heated to reflux and glyme removed by distillation. 

# the reaction is held at reflux for about four hours; progress is monitored by acid number. 
In the following tests, when a control AB dispersant is used it was made as follows: The B-segment is a 50 

copolymer of 580/o MMA. and 29/o 2-ethyt hexylacrylate (2EHA). polymerized with a "Vazo" 64 polymerization 
initiator of azobisisobutyronitrile made by E. I. du Pont de Nemours and Company and mercaptoethanol chain 
transfer agent, to a Mn of 4.500 and an Mw of 9.000. This B-segment is reacted with equimolar amounts of an 
isocyanate trimer (Desmodur N from Bayer) and double that molar concentration of ammonia. 

In the preparation of the backbone acrylic-epoxy copolymers of the invention, "group transfer' 55 
polymerization processes are used. By 'group transfer' polymerization, is meant a polymerization process in 
which polymerization of monomers having carbon-carbon double bonds is initiated by certain initiators of the 
formula Q-Z where Z is an activating substituent that becomes attached to one end of the growing polymer 
molecule and where Q is a group that continuously transfers to the other end of the growing polymer molecule 
as more monomer is added to the growing polymer molecule. Thus, (polymerization of the monomer 60 
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initiated by a group transfer initiator, Q-Z. proceeds as follows: 




Z 



mol^M^ K °' 'M^"* ^ polymerization of more monomer The polymer 

gr^p^r izsH;^ ^^^^^^^^ " ^ ''^^-^ ♦•^^ «-p- ^- -^--^ to a'sYS? 
disrgr;s;ircrSicT^^^^^^^^^ — — and to 

nr™/«M!f '",*!]^ P'-eparation of the star polymers, use is made of the "group transfer" polymerization 

AprH 2 1985 and f so^^^^^^ Jlrln ' c'" ""^'""^tion-in-part U.S. Patents 4.508.880 Webster, granted 
C^^^r.l™*:^'K • • X '^^"'^^ and Sogah, granted June 18, 1985. the disclosures of all of which are 
S thTSula (r","S^^^^^^^^ ""T? '"^T'^' P°'y--zation produces a "living polymer" when an iSa^^? 

In the SiSor fh. 7 Z P^'y^r'^at'^" °' a having a carbon-carbon double bond, 

•liwrnr.- '3^^2. the Z group is an activating substituent that becomes attached to one end of the 

living polymer molecule. The (Ri)3M group becomes attached to the other ("living-rend of the "l^vim" 

Sf tTe^am^of" a d^e^^^^^^ ""'^'^"'^ '^^^ ^ ^ po- meri 

. . different monomer to produce a new "living" polymer molecule having the Z activatino 

d«ac S T^- ^^''k^"'' '''^ '"''^''^ ^tl^^^ <""^'"9") The "living" Ser may then b? 

S usef Juo consiS » r ' "'^"^^ ^"^^ a" alcohol. At'thiS pS, t migm 

;«o rn^L . f ^'^'^''''^ ^'^P'® ■ 9^°"P transfer polymerization of a specific monomer (in this 

^methvSLrni^rJ^*'* using a specific group transfer initiator (in this case 1 -trim^ethylsiloxy ^'s^bl^^^^ 
foltowS '■ °" °' ' °* '""'^'^^ " P^ '^P"^'^^^ Produces "living" polymer as 
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INITIATOR NON(^R 

O CH, CH, , CH, 



icH— C— -V— 
\ C00CH3/»-^ 



(CH3)2CHCH20-C-C j-CHj— C j- CHj-C 



CH 

^ * " CHjO^^^OSKCHj)^ 

•LIVIMG- POLYMER 



O CH, 

The (CH3)2CHCH20-C-C 

CH3 

group shown on the left side of the "living" polymer molecule is derived from the activating group, 2. which, in 
the initiator, was in the form 



(CH3)2CHCH20 ^ CH3 

The -Si(CH3)3 group on the right side ("living" end) of the "living" polymer molecule is the (R^aM group. The 
"living" polymer molecule can act as an initiator to initiate polymerization of the same or a different monomer. 
Thus, if the above "living" polymer is contacted with m moles of butyl methacrylate in the presence of active 
catalyst, the following "living" polymer is obtained: 



/ \ 

C^HgO 061(013)3 



If the resulting "living" polymer is then contacted with methanol, the following deactivated polymer is 
obtained. 

O ex. X CH. V / CH^ X CH, 



Preferably, group transfer polymerization procedures used in this invention involve a catalyst and an initiator 
and optionally a polymerization lif enhanc r. The preferred process involves contacting under polymerization 
conditions at least one polar monom r with (i) a polymerization initiator compound comprising a 
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K ^f^^^J^ ®^ ^""^ ®" ^^^'"9 activating substituent or activating 

fon J«nnc » ° and optionally having one or more substituents that are inert linder polymerization 

aSSS sTo'ilft pfSr ?K, ^ °°'"P"«'"g an oxyanion whose conjugate acid has a pKa (DMSO) of 
^v«S H • ^"''.^ f":^««"« '^^^•o"- (iii) a polymerization life enhancement agent which retards he 
nS±?l\ ^^'^.'^^'^'y^' ^^"""9 polymerization so as to enhance the duration of "livingness" of the 
. increasing the proportion of polymerization events to termination events. Optionally the 

mpSn?th «"°"de. bifluorlde. cyanide, or azide ions or a suitabl. Lewis acid and 

mercaptoethanol chain transfer agent with an M„ of 4,500 and Mw of 9 000 

H.?JT'^^"* u""?"*^ measured by sand grinding a mixture of pigment, solvent and dispersant and 
tn Z7J^Z r dispersant (if any) will give a uniform dispersion, appearing like stained glass at 

an optical magnrfication of 250x. In contrast, flocculated pigment has islands of color interspersed with areas 
of relatively c ear solvent An arbitrary scale of 1 to 4 describes the degree of dispersion as follows 
1 == deflocculated dispersion: pigment particles are uniformly separated: brownian motion of particles 
IS evident. 

slightly flocculated dispersion: pigment particles are separated but immobile (no significant 
evidence of brownian motion). 

3 = flocculated dispersions: pigment particles are loosely aggregated with some voids between 
aggregates 

20 severely flocculated dispersions; pigment particles are highly aggregated with large voids 

between aggregates. 
Each of the examples gave deflocculated dispersions, level 1. 

♦hlV*"! ^''^"'P't^and elsewhere, parts, percentages and proportions are by weight, and the pigment used in 
the test was phthalocyanine blue, except where indicated otherwise. 

Example 1 

Preparation of MMA/BMA//GMA (Op-40//Dp-4) 

All monomers and solvents were dried by passing over 4A molecular sieves. A 250 mL round bottom 
4-necked flask equipped with condenser, thermoprobe. Nz inlet, mechanical stirrer and was charge with 44 1 a 
glyme, 168 g of 1-trimethylsiloxy-1-isobutoxy-2-methyl propane, and 66 microliter of a 1M solution of 
tetrabutyl ammonium m-chlorobenzoate in acetonitrile. A feed containing 33 microliter of 1M tetrabutvl 
ammonium m-chlorobenzoate in acetonitrile diluted into 0.2 mL of glyme was added over 90 minutes 

te^;^^eratu7^n« t*^^^^ 9> ^MA (18.8 g) was added over 30 minutes. The 

temperature rose to 54.40 0. After completion of the 30 minute feed, the batch was cooled to 5°C and GMA 

yJl^'m^lf J^ T"" ^ 7"^?^^^- '^^ """'''"'^ "^^P* ^'lO'C until feed 1 was completed. 

Sfn? V'.^if t methanol (1.1 g) were added over 15 minutes. M„ = 6630. d= 1.16 Theoretical M„ = 5400 
solids - 43.80/0 Epoxy titration = 0.32 meq/g solution. 
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Example 2 



Reaction of MMA/BMA//GMA (Dp-40//Dp-4) With 4-Nitrobenzoic Acid 

mi?hJ. P^o^"'^^'^ E'^aniple 1 was used in this preparation. Toluene (9.91 g) and 

methyl isobuty^ ketone 6.61 g) were added to the resin solution followed by 1 .76 g of p-nitrobenzoic ackl The 

45 AW '^^sheated to reflux and 16.5 g of glyme were distilled off. The batch was then held at lOr C for 6 hours 

'fS Acid number = 0.75. Mn = 7080. d= 1.13 solids - 61.3o/o. 

Example 3 

Preparation of A 87//13 MMA//GMA Block Polymer 

^ m^^^rJ^It.t\i,^^^'^^^l'^^f°''Ty^^^^ P'°P«"« <22.8 g) and tetrabutyl ammonium 

rn-chlorobenzoate (0.55cc of a 1 molal solution in acetonitrile) were added to a 2 liter round bottom 4-necked 
l^t er'PP®«^^^'*'^f°"denser, temperature probe, and glass paddle stirrer. MMA (448 g) and tetrabutyl 
^miZoT ^'"^""T!"^*^ i^^*' °^ ^ ' acetonitrile diluted into 27 g of glyr^e) were fed over 

55 S bathio' ^» c ""ZTT f 'T. ^^•^P^^^*"^^ - 86.3' C) the batch was coofed exiernally with an 
ice bath to 30 C. GMA (61 g) was added batchwise via a dropping funnel over a period of 15 seconds No 

l'l°l fJ?J'^^ ^^^^ removed and the temperature was held at 30= C for 1 hour. Iwlethanol (52 

g) was then added to quench the polymerization. 



M«l'^.?IlT^' ''K^'^iP^^'f? ^"^^ overnight in a 120"F oven at atmospheric pressure 

Molecular weight by GPC M„ =4170. Theoretical Mn = 5091 



Example 4 



Reaction of MMA//GMA 87//13) With 4-Nitrobenzoic Acid 

„,»t°"^>.^!^"'^'" '^^^ ^' ^'*^'"P'« 3 was dissolved in 622.5 g of 62/38 toluene/methyl isobutyl ketone to 
yield a 400/o polymer solution. This solution (1037.5 g) was charged to a 2 liter round bottom 4-necked flask 
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equipped with condenser, temperature probe, glass paddle stirrer and heating mantle. 4-Nitrobenzoic acid 
(52 6 g) and N-N-dim thyl dodecyl amine (0.8 g) were charged to the flask and the reaction was brought to 
reflux (109.6"C)- Refluxing was continued for 18 hours. The resultant product was amber in color . Acid number 
was determined by titration with 0.087 N KOH. 
Theoretical acid no (no reaction) = 38 
Theoretical aid no (1(X)0/o reaction) = 0 
Titrated acid no =^ 5.9 
Theoretical weight solids 40.60/o 
Observed solids = 40.9o/o 

Example 5 

Preparation of MMA//GMA 87//13 Block Copolymer 

A 250 mL four necked roundbottom flask was equipped with septa, thermoprobe and glass paddle stirrer. 
Flask was then evacuated and dried with heat gun. After filling the flask with nitrogen, gtyme (95.5 g) and 
dimethylketene isobutyl trimethylsilylacetal (2.4 g. 11.1 m moles) were added by syringe. To this mixture a 
catalyst solution (O.OScc. 1m cesium bifluoride in acetonitrile) was also added by syringe. A catalyst feed 
(0 22CC 1m cesium bifluoride in acetonrtrile, in 3cc gfyme) and an MMA monomer feed (40.0 g, 0.4m) were 
added simultaneously by syringe pump. During the MMA feed a maximum temperature of 54.2^0 was 
observed (feed started at 23.9** C). After compteting the MMA feed (45 min) batch was cooled to 2.5^ C with ice 
bath and 6 0 g (0.42m) of GMA was then added all at once by dropping funnel. Batch temperature increased to 
12°C after GMA addition (exotherm) and then cooled to 6*^0 after a few minutes. Catalyst feed solution was 
maintained for an additional 15 min. (100 min total feed time). Batch was stirred an additional 90 mm. with ice 
bath removed and quenched with 5.0 g of methanol. 
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^nalvtlc ResultB 

Residual Monomer: OIA - less than 1% 

MMA - less than It 

by high pressure 
liquid chromatography 
(HPLC) 

GPC mol. %rt. M^^ 4770 calculated 4180 

Pd 1.3 

Bpoxy Dp (by titration) « 3.0 (by titration 
WT.% solids - 49% 
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Example 6 

Lab Preparation of a Nitrofunctional MMA Block Copolymer 

The MMA//GMA 87//1 13 (by wt.) epoxy block copolymer from Example 5 was esterified with 4-nitrobenzoic 
acid to give pendant aromatic nitrofunctionality. After precipitation in hexane and drying, 35.4 g (0.25 equiv. 50 
epoxy) of the polymer was dissolved in 53.6 g of toluene/MIBK (60/40 by wt.) and charged to a 300 mL single 
neck RB flask equipped with condenser, temperature probe, heating mantel and stirring bar/magnetic stirrer. 
Approximately 4 g of 4-nitrobenzoic acid (0.24 equiv.) and 0.02 g of N'n'dimethyi dodecylamine (catalyst) were 
then charged to the flask, reactants were brought to reflux (1 14°C) with stining and cooked for 8 hours. The 
product was a clear and slightly yellowish solution. The acid number was titrated with 0.087 N KOH and found 55 
to be 0.25 indicating 99o/o conversion of the acid. 
Acid # = 0.25 
Theoretical wt. solids 42.4 
Observed wt. solids — 44.4 

60 

Example 7 

Addition of Phosphorus Pentoxide to an Epoxy Acrylic Block Copolymer 

A 500 mL thre neck roundbottom flask was equipp d with an anchor stirrer, reflux condenser and a 
thermometer. A solution of an poxy block copolymer - MM A//GM A (88// 1 2 wto^) in glyme was added (96.0 g 65 



7 



BNBOOCID:<£P p«843»AaJU> 



0 218 436 



10 



15 



20 



40 



ts 



and the solution became pale yeHo«^^ iSe mfxture Is ^ ^'^^'"'^t ^'^otherm was observed 

After precipitation from distilled water the wwtp lo^^ t fefriPerature for about an hour 

reaction conducted with i^^^tTrte^^^^^^^ Acid Number: 51.5. A similar 

temperature afforded a white solid materia tSat Safan Lid numr*"'!''^","'' '''"^'^ ^-3 hours at room 
(distilled water wash). ^" °^ 56.7 after precipitation from hexane 

Example 8 

Snc«SS'°" °' " '"^^'^^ ^"""^^ "^^A ^'-•< C°P°'y-- With Aliphatic 3" Amine 

rea1:ted'':Sd1me%^^^^^ ^" and theoretical epoxy Dp = 4.0 was 

g Of the copolymer (70 g soliSro ^52 andTr,*'?^, ^""-tionality. ApUimately 150 

bottom flask equipped ^th stirring b^ hea«n?mS«^^^^^ ^ ""^'^ ^^^'9^^ *° ^ 300 mL round 

After 60 g of solvent (glyme) w^ strLerthf h^nh L ^ *«'"P°^«»"^« P™be and dean-stark trap, 
cooled to 80°C at which'timi ^Jg lSZ e^u^ ) S N-nS[hlM '^"'^ ^^s 

were charge to the flask. Batch temperaLre' wa' e'rated t?&4 a^^^^^^^ 1° ^ °' 

was clear and slightly amber in color. evaiuaiea to 1Z5 C and held for 3 hours. Reacted product 



Example 9 



Functional MMA Block Copolymer With Aromatic i° Ar,.i„ c 
25 The MMA//C5MA M//10 2^ u. , '*'^°'"atic 1 Amine Functionality 

so SOO mL thick round boOom "ask^q^PM S So Mr^l^*"T ' =P»»yl- 



Production Description 

Acid # « 3.2 
Theoretical Wt. solids « 41.7 
35 Observed solids 43 5 
Table 





Table 1 






SOLVENT 


3-D SOLVENCY 


PARAMETERS 




NP 


P 


H 


XYLENE 


8.7 


0.5 


1.5 


TOLUENE 


8.8 


0.7 


1.0 


MIBK 


7.5 


3.0 


2.0 


MEK 


7.8 


4.4 


2.5 


BUTYL ACETATE 


7.7 


1.8 


3.1 


ACETONE 


7.6 


5.1 


3.4 



a -oCXToirtTofuen^^^^^^^^^^ ^^^P-e phthalocyanine blue pigment in 

the control are made accordln^toThe rnv^nSon 3?h^^ ""^^ '^'^^ dispersants other than 

are GMA b.ocks functional! J ^^"2^'^^^^^^^ A-segmen.s 
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Table II 



Of fUDCtlon- 
allzed A-seoment 






5 


Toluene 


puty; Acetate 




Control A-B 


5-10 


15-20 




1.4 


10-15 


>20 


10 


3.3 


10-15 


10-15 




5.4 


20-25 


10 




9.6 


>40 


10 
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Misceilaneous Modifiers of MMA B-segment Epoxy Block Copolymers 20 

Acid-Base interactions between the dispersant A-segment and the pigment surface is a major factor in 
stabilizing pigments against flocculation. The neutral nitro group is probably the most versatile because: A) it 
is highly polar and will adsorb on most pigment surfaces; B) it is relativety inert toward unwanted side 
reactions. However, there are some pigments with highly acidic or basic surfaces which probably can be more 
easily dispersed with a conjugate dispersant. For these reasons we have started to investigate acidic and 25 
basic modifications of acrylic epoxy block copolymers prepared by GTP. 

Amine Modifiers 

Aromatic Amines. - The reaction of (>-aminobenzoic acid with epoxy block copolymers affords pendant 
aromatic amine functionality. The base catalyzed reaction between an epoxy group and p-aminobenzotc acid 30 
favors the epoxy/acid reaction. This preferance is most likely due to the aromatic amine being protonate. This 
reaction can be conveniently monitored by either measuring residual acid or amine values. Typically 900/o 
conversion of the acid is obtained after four hours of reaction in glyme/diglyme mixtures (130° C). This reaction 
provides a viable alternative to ammoniation for obtaining amine functionality. Aromatic amines are basic and 
may act as more effective dispersants with acidic pigments than the neutraJ nitro dispersants. A concern 35 
associated with aromatic amines is their tendency to yellow on outdoor exposure. Aromatic amine functional 
block copolymers are effective pigment dispersants comparable to the nitro modified systems of similar 
structure. 

Aliphatic Amines. - Another route to basic modifications of acrylic epoxy block copolymers is by reaction 
with various aliphatic amines. For example, a primary amine can be obtained through ammoniation; a 40 
secondary amine by reaction with methalamine; and a tertiary amine by reaction with N.N-dimethyi-1,3-pro- 
panediamine. The potential for further reaction (crossiinking) of pendant amine products can be suppressed in 
each case by using an excess of the appropriate amine. Each of the amine-epoxy reactions seem to run better 
in solvent mixtures containing alcohols. 

Dispersants with pendant primary amine functionality gave poor dispersions across a range of solvents with 45 
differing polarity. Poor dispersion in non-polar solvents was probably the result of strong H-bonding causing 
aggregation of dispersant molecules. Poor dispersions observed in ketone solvents is probably due to 
reaction of the ketone carbonyl with the primary amine to form a poorly adsorbing imine group. Disp>ersants 
with secondary and tertiary amines provided good dispersion in non-polar and moderate^ polar solvents with 
pigment. 50 

Other Modifiers 

3.5 Dinitrobenzoic Acid. - Modification of acrylic epoxy block copolymers with 3,5-dinitrobenzoic acid 
affords ready access to relatively clean, well-defined block copolymers bearing segments of highly electron 
deficient aromatic rings. These types of polymers will probably interact strongly (forming charge-transfer 55 
complexes) with a wide variety of amine continuing materials. Polymers of this type may have biological 
applications or may be useful as pigment dispersants. Preliminary evaluation of their dispersant performance 
in four solvents using phthaiocyarwne blue pigment suggests that they are similar to 4-nitrobenzoic acid 
modified polymers (Table III). 

Th aromatic carboxylic acids useful in the invention include particularty 60 
benzoic acid 

2- nitrobenzoic acid. 

3- nitrob nzoic acid. 

4- nitrobenzoic acid, 

3.5-dinitrobenzoic acid. g5 
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1 -naphthoic acid, and 
3-chlorobenzoic acid, 

the aliphatic carboxyfic acids include particularly 
glycolic acid 
5 cyanoacetic acid 

1,2-hydroxy dodecanedioc acid 
1.2-nitro dodecanedioc acid, and 
2,2-bis hydroxymethylpropionic acid, 
and the anhydrous hydrohalogen acids include 
10 hydrochloric acid. 

hydrofluoric acid, and also 
hydrolodic acid, and 
hydrobromic acid. 

Hydroxy. - Pendant epoxy groups can be easily converted to didls be ketalization followed by hydrolysis of 
15 the intermediate dioxolane. These hydroxy bearing block copolymers act as weakly adsorbing dispersants in 
non-polar media. Evaluatton in four solvents with phthalocyanine blue pigment is presented in Table III 
Phenols and thiophenols may also be usefuL 

We have also evaluated bkx:k copolymers bearing aromatic hydroxy groups as pigment dispersants These 
polymers were prepared by the reaction of benzoic acid with the acrylic epoxy block copolymers. As indicated 
in Table III. these matenals behave comparably to the aliphatic hydroxy block copolymers described above 
Ortho phosphoric Acid. - Hydrolysis of the intermediate obtained by reaction of epoxy acrylic block 
copolymers with either anhydrous (ortho) phosphoric acid or its equivalent phosphoric pentoxide provides an 
acidic class of dispersants. Anhydrous hydrochloric acid is also useful. Nitric or sulphuric acid may be useful if 
they are kept anhydrous. Preliminary evaluation of these materials (Table III) suggests that they are reasonable 
dispersants. These dispersants may be particularly useful with inorganic pigments and may find application in 
the magnetic tape industry. 
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Table III 

Evaluation of MiccellaneouB Modifiers of MMA/GMA 
Epoxv Bl ock CoDQlymerg 

3s , Phosphorus 

Solvent 3^S-Dinitro Dihydroxv Pentoxide 

Xylene 3 i i 

Toluene i i ^ 

MIBK 13 X 

Acetone 3 3 
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Industrial Applicability 

In addition to the uses of AB dispersants of the invention in coatings and molding resins, such polymers 
have many other potential uses, as do other products made by group transfer polymerization These can 

50 include cast, blown, spun or sprayed applications in fiber, film, sheet, composite materials, multilayer coatings 
photopolymerizable materials, photoresists, surface active agents including soil repellants and physiologically 
active surfaces, adhesives. adhesion promoters and coupling agents, among others. End products taking 
advantage of available characteristics can include lacquers, enamels, electrocoat finishes, high solids finishes 
aqueous or solvent based finishes, clear or filled acrylic sheet or castings. Including automotive and 

55 architectural glazing and illuminatk>n housing and refractors, additives for oil and fuel, including antimisting 
agents, outdoor and indoor graphics including signs and billboards and traffic control devices, reprographic 
products, and many others. ^- y k 



Claims 



1. A composition suitable for use as a dispersant having an A segment and a B segment bonded 
together to form a block copolymer, the A segment consisting essentially of polymerized methacrylic 
65 monomer units and the B segment consisting essentially of polymerized monomer units selected from 
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the group consisting of acrylic and m thacrylic groups. 

the monomer units of said A segment, when homopolymerized, having a polarity which is higher than the 
polarity of the monomer units of said B segment when homopolymerized, said A segment being bond d 
to one or more polar groups selected from the group consisting of 
aromatic carboxylic acids, 

aliphatic carboxylic acids which have at least one functional group which increases the polarity of the 
reaction product of the A segment withe the aliphatic carboxylic acid, 
ammonia and primary, secondary and tertiary aliphatic amines, 
primary aromatic amines. 

ketones which are subsequently hydrolyzed to diols. 
orthophosphoric acid, 
phosphorus pentoxide. and 
anhydrous hydrohalogen acid. 

wherein said block copolymer is made by group transfer polymerization techniques at 0°C or higher. 

2. The composition of claim 1 wherein the B segment consists essentially of at least 10 monomer units 
of alkyi methacrylate and the A segment consists essentially of at least 3 monomer units of 
epoxy-containing methacrylate and optionally additional alkyI methacrylate monomer units. 

3. The composition of Claim 1 or claim 2 wherein the B segment has at least 20 monomer units and the 
A segment has from 4 to 16 monomer units. 

4. The composition of claim 1 . 2 or 3 wherein the B segment consists essentially of about 40 monomer 
units of methyl methacrylate and the A segment consists essentially of about 12 monomer units of glycidyl 
methacrylate. 

5. The composition of any one of claims 1 to 4 wherein the B segment comprises monomer units 
selected from one or more of 

methyl methacrylate, 
butyl methacrylate, 
ethyl hexyl methacrylate, and 
lauryl methacrylate, 

and the A segment comprises monomer units of glycidyl methacrylate. 

6. The composition of any one of claims 1 to 5 wherein the aromatic carboxylic acids are selected from 
the group consisting of 

benzoic acid 

2- nitrobenzoic acid, 

3- nitrobenzoic acid, 

4- nitrobenzoic acid, 
3.5-dinitrobenzoic acid, 
1 -naphthoic acid, and 

3- chlorobenzoic acid. 

and the aliphatic carboxylic acids are selected from the group consisting of 

glycoiic acid 

cyanoacetic acid 

1,2-hydroxy dodecanedioc acid 

1.2-nitro dodecanedioc acid, and 

2.2-bis hydroxymethylpropionic acid, 

and the anhydrous hydrohalogen acids are selected from 
hydrochloric acid and 
hydrofluoric acid. 

7. The composition of any one of claims 1 to 6 wherein the polar group bonded to the A segment is 

4- nitrobenzoic acid. 

8. The composition of claim 7 wherein the block copolymer consists essentially of methyl methacrylate 
and glycidyl methacrylate monomer units and the polar group bonded to the A segment is 4-nitrobenzoic 

acid. 

9. A solution of the composition of any one of claims 1 to 8 dissolved in a solvent having a polar 
solubility coefficient greater than 1.0. 

10. A pigment dispersion in organic solvent dispersed by means of a composition of any one of Claims 1 
to 9. 

1 1 . A coating composition comprising a pigment dispersion of claim 10, a film former and a liquid media. 

12. A molding composition comprising a pigment dispersion of claim 10 and a resin. 
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